Proliferation of multilingual text on the Internet has increased the demand for efficient information retrieval independent of language. Among variety of languages, the Urdu language is one of the most commonly spoken and written language in South Asia. However, due to unstructured format the access of relevant information is still a big challenge. The semantic web technologies enable the advancement in information retrieval systems by assigning semantics to information. This paper presents a semantic annotation framework that can annotate documents written in Urdu language. The framework uses domain specific ontology and context keywords instead of NLP (Natural Language processing) techniques. The experiment has been conducted to evaluate the presented annotation framework. The set of corpora used in the experiment belong to the online classified ads posted on the online Urdu newspapers. The purpose of this research is to find the challenges involved in semantic annotation of Urdu language web documents.
Introduction
The World Wide Web is playing a vital role in information sharing for the purpose of business, education, research, etc. A large amount of useful information is available over the web in unstructured, ungrammatical and incoherent formats. This includes reports, scientific papers, reviews, product advertisements, news, emails, Wikipedia, etc. In the recent years, it has been seen that the information is also available over the web in various languages such as Chinese, French, English, Hindi, Urdu, Arabic, etc. With the advent of the Unicode scheme, users can contribute their knowledge over the web in their own language that can be used by others who speak the same language. As a result, the volume of multilingual information is continuously increasing. Moreover, the availability of information written in native languages provides us valuable insight into the cultural, political, and social condition of that country 1 . Among variety of languages, the Urdu language is among the largest spoken languages of the world and national language of Pakistan. Due to the availability of large amount of Urdu language documents over the web, it is required to develop a sophisticated information retrieval system to utilize the information efficiently. Among these documents the online Jang newspaper is one of the most popular news website in Pakistan. The Jang classified is a section of the newspaper where advertisements about different products are published for sell and purchase. These include ads of automobile, real estate, electronic products and so on.
To understand the problem, consider an example of the car ad on online Jang newspaper site (http://classads.jang.com.pk). Due to the lack of semantics, the information is not searchable without manual browsing. The three samples of car ads are shown in Fig. 1 with English translation.
Suppose a user wants to perform a query: "Show all car ads where model is Baleno and year of the model is not less than 2003" then currently this query is not possible to perform on this website. The user has to investigate each ad manually and then select the required one.
To overcome this problem, it is necessary to annotate these documents with semantics. Once the data has been semantically annotated, it can be retrieved through structured query languages without manual browsing.
To understand the characteristics of ads, it can be observed from Fig. 1 these ads are not consistent in providing the information as well as the order in which it is written. Furthermore the information is not written according to the grammatical rules of the language (subject-verb-adjective-Object). Thus, the Jang classified ads can be categorized as unstructured, ungrammatical and incoherent web documents. This paper presents the semantic annotation framework specifically to annotate Urdu language web documents that are unstructured, ungrammatical and incoherent formats. The annotation will then be used to support the information retrieval system. The presented work is based on our previous work 2 that annotates English language web documents however this paper explored the generality of the framework independent of language by annotating Urdu language web content as well. The rest of the paper is organized as follows. Section 2 discusses related work, Section 3 de-scribes semantic annotation framework. Section 4 describes the experiment to measure the performance of the presented work. Finally, Section 5 concludes the paper and provides its challenges and future research directions.
Related work
The lack of semantics in the current web documents make them understandable only by humans and not by machines. The existing search engines are still based on key-word based searching and cannot distinguish between content of different domains. The semantic web technologies, such as OWL/RDF, provide a major advancement to handle this challenge 3 . From the past two decades, the growing interest in the use of ontologies in various fields motivated the researchers to suggest the use of ontology in semantic annotation as well. The semantic web technologies have made possible the development of an intelligent document. Uren V. et al. 4 define an intelligent document as a document which knows about its content in order to process the information automatically. Traditionally, the knowledge about a document has been managed through the use of metadata 4 . However, the semantic web proposes the annotation of documents using semantic information from domain ontologies 5 . Semantic annotation formally identifies concepts and relations between concepts in documents, and is intended primarily for use by machines 3 . Moreover, different ontologies represent different conceptualizations; therefore they can be utilized to retrieve information from the same document depending on the conceptualization specified in the ontology.
Much of the research in annotation has focused on finding relevant information using natural language processing (NLP) techniques such as sentence boundary, parts-of-speech tagging, morphological analysis, etc. In contrast to English language, these techniques are not well developed for Urdu language. Recently, some efforts have been reported in literature on annotation of Urdu language documents and are based on NLP techniques 6, 7, 8 . However, due to the complexity of morphology of Urdu script, the processing of Urdu text is still a big challenge. On the other hand, the NLP techniques are not appropriate for unstructured and ungrammatical content due to its complexity in parts-of-speech, name-entity recognition and high computation requirement 9 . Being an active and comparatively new area of research, a lot of techniques for semantic annotation have been proposed. Reeve et al. 10 and recently Wimalasuriya et al. 11 and Chiarcos 12 , have presented a comprehensive survey of semantic annotation tools and categorized them depending on the methodologies. It must be noted that fully automated semantic annotation is still an unsolved problem due to the fact that annotation requires human intervention in the beginning stage to bootstrap the process. All existing semantic annotation systems rely on human intervention at some points, therefore, the annotation process is still not completely automated 4, 13 . Manual annotation process is not difficult but is an expensive task in terms of time and cost and thus becomes impractical for large size of web contents. As a result, most of the reported work was focused on semi-automated annotation. These semi-automated systems involve humans to a limited extent and use automation to provide scalability to the annotation process.
Recently, several tools have been proposed to automate the semantic annotation of unstructured and ungrammatical web documents. The application of these tools varies depending upon the type of web documents from which they try to extract information. The list of such tools includes BYU 14 , ontoX 15 , Phoebus 16 and our proposed tool BNOSA 2 that is compared with other existing tools 17, 18 . However, none of these tools explored annotation for documents in languages other than English. In this paper we extended our previous work 2 and presented a semantic annotation framework for unstructured and ungrammatical content in Urdu language in addition to English language content. The purpose of this research is to understand the generality and scalability of the presented framework to annotate the documents of different languages.
Semantic annotation framework
This section explains the ontology based semantic annotation framework for unstructured and ungrammatical web content written in Urdu language. The presented work utilizes domain ontology to annotate information available on online web documents. The annotated documents enable the data to be easily accessible using standard query languages and avoid the irrelevant search results. The presented semantic annotation framework comprises on the following two components:
Construction of domain ontology and Information extraction using ontology for annotation. Fig. 2 shows the components of the presented semantic annotation framework.
Construction of domain ontology
Ontology consists of domain knowledge as well as some additional knowledge that is required to support the annotation process. The ontology is constructed manually by conceptualizing the domain knowledge.
The domain knowledge consists of concept and properties of a domain that are generally searched by user and thus specified in ontology. For example in case of a car ad, the concept is car and properties of the car concept are model, make, mileage, color, year, price, and contact.
The additional knowledge includes context keywords and data-types. Context keywords are those kinds of words that occur most commonly along with the required data. Thus, context keywords help in finding the location of relevant data in documents. is not available in a consistent manner, the context keywords are used to indicate the location where data can be found. In case of car ads the properties associated with context keywords are mileage, year, price and contact. However, it is also possible that some of the properties are not associated with any context keyword in such a case all possible instances of that property are stored in place of context keywords in ontology. For example in some car ads properties like make, model, and color are not associated with any context key words. Therefore ontology stored all possible values of these properties.
The ontology was constructed using OWL ontology. OWL provides specification of various data-types such as integer, float, char, date, etc. These data-types would help in narrowing down the extraction values. Furthermore, complex constraints can also be defined in OWL according to particular domain. Table 1 shows car sample ontology with English translation that is developed in OWL. 
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Information extraction for semantic annotation
Once information is specified in the ontology, the extraction step generates rules for each data-type used in ontology to extract values of each property. Rules are generated as regular expression according to the corresponding data-type as specified in the ontology to represent the lexical appearance of data. For example, the rule for int is \d+, where value is a combination of 0-9 digits. Similarly rules are generated for other data type such as float, date, etc. In case when no context keyword is associated with the property then the value of that property is defined as string data-type and all possible instances are included in the corresponding rule. Below is the rule for make property.
Once these rules are generated for each data-types used in the ontology then it can be used to extract data from documents.
The information extraction algorithm searches the context keywords in the document, if a match is found, this suggests that the corresponding value will be found in the neighborhood of this keyword and can be extracted by using corresponding rules. The extraction process will continue for each property as specified in ontology. Once all the data is extracted, it can be stored in RDF/OWL database where structured query can be applied. Formal description of extraction algorithm is given in Table 2 . Use data-type of a property to generate extraction rule. Apply rule on adjacent tokens to extract a value for a P. } If no CKW in A{ Apply rule corresponding to P on ad to extract a value for a P. } Store extracted data in RDF/OWL database. } To understand the extraction step, consider car ad in Fig. 3 as an example, to extract the value of mileage property, first find the context keywords in car ad that is KM (kilometer) and in Urdu ‫ﻣﻴﭩﺮ‬ ‫ﮐﻠﻮ‬ as specified in ontology. In this ad context keyword KM is found, therefore extract int value from the neighborhood (adjacent words) of this context keyword using rule generated for int data-types as mileage is defined as int in domain ontology. Table 3 shows extracted data from ad using domain ontology. 
Experiment
This section evaluates the performance of the presented framework on car ads in Urdu language. In order to write/read Urdu text, the Urdu font and Urdu keyboard has been downloaded from crulp.org website and Protégé editor was used to construct an ontology. To conduct an experiment 850 car ads have been selected from Jang classified website. The evaluation is done on the basis of recall and precision values of each property. The values are computed as:
Where N is the number of ads in which a property value is found, C is the number of correctly extracted values, and I is the number of incorrectly extracted values.
The annotation result shown in Table 4 and Fig. 4 provides graphical view on precision and recall of semantic annotation. Table 4 indicates that the precision of four properties was 100%. However, the precision of color and Year were not highly accurate due to the fact that ads are not written in a coherent manner. For example, we defined a rule that Year is a 4-digit number whereas in some ads Year is also written as 2-digit number therefore due to inconsistent representation this is unrecognized. In case of color property, all possible instances were searched in ads but the problem arises when a particular instance is found in ad that is a part of other word/token. Due to the fact that in Urdu one word can be consist of two token such as Urdu: ‫ﺍﻳﮑﺲ‬ ‫ﺍﻳﻒ‬ and in English: FX Urdu: ‫ﻣﻴﭩﺮ‬ ‫ﮐﻠﻮ‬ and in English: KM Moreover, the reason of low recall could be that property without context keywords are not defined with all possible values or are written in different spellings in different ads. In case of properties associated with context keywords, due to inconsistent representation of ads, context keywords might not be found in ads which lead to wrong extraction or no extraction at all. It can be noted that the approach is highly dependent on the context keywords. If context keywords are not defined correctly then the performance would be degraded. The finding of these context keywords is an extra overhead for annotation process, this overhead involves the review of few sample documents where the information is very limited and a lot of variation is rarely possible. Thus finding of context keywords is a trivial task. According to the approach, only adjacent tokens to the context keywords have been selected as neighborhood area. In cases where context keywords are specified in ontology but are not available in some ads then nothing will be extracted. This is due to the fact that information in these ads is not consistent and they might have assumption that this information is understandable by readers. However, such assumptions are understandable by human readers but it is not so trivial for machines. Moreover, more than one context keywords are associated with a property therefore it is also possible that more than one value would be extracted for a property. One of the biggest issues in Urdu language text is that one word could be a combination of two tokens where tokenization will split it into two words. Thus the word tokenization is a biggest challenge in Urdu language.
Conclusion
The paper presented a semi-automated approach for semantic annotation of online ads in Urdu. The annotation approach is based on domain ontology that makes it easily extendable by adding other domain ontologies. Extraction ontology includes domain knowledge as well as some additional knowledge to perform semantic annotation. Experiment has been conducted on the online car ads to analyze the applicability of the presented approach on online ads in Urdu language. The values of recall and precision highlighted that the approach is promising to handle unstructured, ungrammatical and incoherent web documents at the cost of manual ontology construction. The future work will focus on further improvement in the process of semantic annotation to handle complexity and challenges of Urdu language web documents.
